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© Temperature control system with tariff change optimization 

© An energy control system for controlling the internal temperature of a building and comprising a central 
control device and one or more thermal units for heating or cooling the building powered in an energy supply, 
the central control device controlling the thermal units in response to a prediction of the internal temperatures 
within the building over a period of time, characterised in that the central control device receives information 
regarding tariff changes in the energy supply and controls the thermal units to maintain the internal temperature 
between lower and upper temperature setpoints and according to a control strategy that results in a minimised 
cost during this period. 
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The present invention relates to a method and apparatus for controlling the internal temperature of a 
building. 

The simplest existing central heating systems using feed-back regulation, simply maintain the tempera- 
ture of the building at a fixed value defined by and maintained by a thermostat or by a leal control device 

5 using a simple control algorithm such as PID (Proportional Integral Derivative). The value of this preset 
temperature can have a preset programmed time variation that is controlled by a real time clock in order to 
reflect the occupancy of the building and any tariff changes. More advanced open loop heating control 
systems maintain a desired internal temperature set point based on factors such as the building heating 
load estimated from the measured or predicted value of external temperature and an evaluation of thermal 

w capacity of the building. Recently, more sophisticated predictive temperature control systems have been 
developed which predict the resulting internal temperature of a building over a fixed period of time, usually 
24 hours, based on possible heating strategies and select the heating strategy which maintains a desired 
internal temperature setpoint. 

From such predictive control systems the idea of preheating has arisen where, sometime before a 

75 desired change in the internal temperature setpoint, the system starts heating the building. Due to the 
thermal inertia of the building the building will in fact reach the new temperature at the desired time, rather 
than some time after (as is the case with simple non-predictive feed-back systems). Such control systems 
using preheating maintain the internal temperature such that it never falls below the value of a defined 
temperature setpoint, but is as close as possible to this value in order to minimise energy consumption. The 

20 temperature of the building is only raised above this value in order to compensate for the thermal inertia of 
the building when a change in the temperature setpoint approaches. 

To date, temperature control systems have tended to focus on the minimisation of energy consumption. 
However, in the case where the system is powered from an energy source that is subject to changes of 
tariff, it is not always the case that the heating control implemented to minimise energy consumption will 

25 result in an economical solution for the consumer. Furthermore, such systems tend to provide no 
advantages to the utilities in terms of shifting of the load between periods of high and low demand since no 
tariff information (which effectively reflects the demand periods) is incorporated in their control strategy. 

In order to try to help minimise peak demand, control systems have been proposed in the past using 
some elements of tariff information. In particular, one control strategy proposed by Electricite de France 

30 (EDF) commands the system to provide full power for a fixed period of an hour before a low to high tariff 
change, if the tariff change occurs at a time close to programmed increase in the temperature setpoint. This 
system, whilst providing certain advantages to the utility relating to the spreading of the peak load, is 
relatively unsophisticated and, in use, results in a certain degree of discomfort to the user due to 
uncontrollably high temperatures being reached prior to the tariff change and less than ideal energy 

35 consumption by the device and costs to the user. 

Thus, it is an object of the present invention to provide an energy control strategy, and a device 
capable of implementing such a strategy, that guarantees a minimal level of comfort to the user whilst 
minimizing costs and avoiding unnecessary loading during peak periods. 

To this end, the present invention provides an energy control system for controlling the internal 

40 temperature of a building and comprising a central control device and one or more thermal units for heating 
or cooling the building powered by an energy supply, the central control device controlling the thermal units 
in response to a prediction of the internal temperatures within the building over a period of time, 
characterised in that the central control device receives information regarding tariff changes in the energy 
supply and controls the thermal units to maintain the internal temperature between lower and upper 

45 temperature setpoints and according to a control strategy that results in a minimised cost during this period. 
The introduction of an upper temperature setpoint, up to which the building can be heated without 
causing discomfort to the user, enables the system, if desirable in terms of cost, to heat the building above 
the lower minimum comfort setpoint but avoids temperatures above a maximum comfortably supportable 
value from being reached. For example, when a low to high tariff change occurs within the period of time 

50 studied it may be advantageous in terms of cost to operate the system at high power for a short period of 
time before the tariff and to then cut the power at the instant of the tariff change. Thus, the building is 
heated to the maximum comfortably supportable temperature before the change i.e. during the cheap tariff 
period, this heat being stored by the building structure for diffusion during the high tariff period. After the 
tariff change and when the power is cut the temperature drops slowly until the lower temperature setpoint is 

55 reached and it becomes necessary to restart the heating. Thus, cost is minimised whilst avoiding the 
problems of overheating the building to uncomfortable levels. 

In practice, the calculated duration of the time at which the system is operated at the high temperature 
setpoint will depend, for example, on such factors as the ratio of the price of energy between the tariff 
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changes and whether heating will in fact be required during the high tariff period, based on the prediction of 
the heating required to maintain the building temperature within the lower and upper setpoints. 

Defining a comfort region bound by two temperature setpoints helps avoid the problems of undesirably 
high temperatures of the EDF solution described above, since the building is always kept within the 
5 boundaries of this region, whilst enabling economical solutions to be reached within these boundaries. 
Similarly, the use of tariff change information leads to solutions that tend to avoid heating at peak load 
times. 

The lower and upper temperature setpoints can simply be fixed to values which are constant at all 
times, for example, to 21 and 23 degrees centigrade. However, preferably, either one or both of the lower 

10 and upper temperature setpoints are programmable values which may vary over the period of time of 
prediction performed by the central device, for example, to reflect the occupancy of the building. For 
example, there may be provided several scheduled patterns during 24 hours, corresponding to different 
types of days, working days, weekends etc. Typically, the lower temperature setpoint will be given a lower 
value during periods of likely inoccupancy, whilst the upper temperature setpoint may be given a fixed 

75 value for all times. 

The prediction of the internal temperature of the building that will result from the application of varying 
heating strategies can be performed using any conventional dynamic models describing the evolution of the 
internal building temperature as a function of the measured or predicted external temperature, the 
calculated or estimated thermal inertia of the building, the heating or cooling power of the thermal units, 

20 heat losses in the building etc. Such classical prediction methods using differential equations to describe 
the building response are well known in the art. 

In principal the central control device can operate to calculate the internal temperature in response to all 
possible heating control strategies during the period of time in question and select those which predict an 
internal temperature being within the upper and lower temperature setpoints during this period and which 

25 result in the most economical solution to the consumer. However, this method is costly in terms of 
processor time of the central controller and is impractical to implement. 

The central control device can also undertake the calculation of the optimal control strategy as the 
solution of an optimal control problem considered as a mathematical programming problem, using 
algorithms suited for the minimization under inequality constraint. Some known algorithms that could be 

30 used are Simplex or Sequential Quadratic Programming (SQP) for linear systems with linear constraints and 
with a linear (or quadratic) cost function. However the memory requirements for the implementation of these 
algorithms are in general too great, and the time required for the solution to converge to the optimal solution 
is greater than the interval of time that can be allocated for the computation in the controller of the central 
device. 

35 In general, in heating and cooling systems, a central control transmits a control parameter to a thermal 
unit which directly corresponds to the desired temperature of that unit, the thermal unit then using 
thermostatic control or simple control algorithms such as "dead-beat control" to maintain the unit at that 
temperature. 

Preferably, the central control device firstly operates to calculate the internal temperature resulting from 

40 a control parameter sent to the thermal units directly corresponding to the low temperature setpoint, that is, 
not taking into account any thermal inertia effects of the building but simply assuming that the temperature 
of the building will instantly follow the temperature of the thermal unit. Assuming some thermal inertia of the 
system and some change in the lower temperature setpoint then the predicted temperature will undoubtedly 
fall below the lower temperature setpoint and the control device then recalculates the internal temperature 

45 using alternative values of the first control parameter until such a time as there is no longer any violation of 
the comfort region defined by the lower and upper setpoints. Thus, a preheating control parameter is 
defined. Starting from the value of the control parameter corresponding directly to the lower temperature 
setpoint enables a more intelligent search for a minimal cost control strategy and avoids unnecessary 
calculation of unfeasible heating programs. 

so Thus, this embodiment provides an algorithm that computes the optimal heating strategy using reduced 
computational resources (memory and computing time) so as to allow an implementation on a real time 
controller. The algorithm provides, in the early stages of computations, heating strategies that respect the 
comfort boundaries and, based on these strategies, an optimal strategy is sought. If an accidental 
interruption of the computations happens before the optimal solution is available, the most recently 

55 calculated intermediate strategy can be sent to the thermal units and implemented without violating the 
comfort boundaries. 

In one embodiment, the control device predicts the effect on the internal temperature resulting from 
sending a control value corresponding to a higher value of the lower temperature setpoint a given period of 
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time before the desired change in the internal temperature. If the predicted temperature still falls below the 
lower temperature setpoint, the time before the lower setpoint change during which this high control value is 
sent to the thermal unit is lengthened until sufficient preheating is carried out, that is, until the internal 
temperature is predicted to be above the lower temperature setpoint for the minimum energy consumption. 

5 Once a value of the control parameter sufficient to maintain the internal temperature above the lower 
temperature setpoint at a minimum energy consumption has been calculated, the control device recalcu- 
lates the predicted internal temperature and also the cost to the user for alternative control parameter 
values starting from the calculated preheating control parameter and using information relating to the time 
and cost of the tariff changes until a control parameter resulting in a minimum or low cost operation of the 

10 thermal units is arrived at. 

For example, in one embodiment, the control device, starting from the preheating control parameter, 
adjusts this value such that, for a given period of time before a change of tariff from a low to high value, the 
control value corresponds to the upper temperature setpoint. The value of the predicted internal tempera- 
ture and the cost to the user, based on the tariff cost information is then evaluated. After this, the predicted 

75 values of temperature and cost assuming a control value set to the maximum temperature setpoint for a 
longer given period of time before the tariff change are calculated and this process is repeated until the 
cost reaches a minimum or predetermined low value. By this means, similar to the control steps carried out 
to determine the preheating control parameter for preheating of the building, excess heating of the building 
prior to a tariff change to store thermal energy prior to a tariff change is forced. 

20 The control parameter eventually selected can be that corresponding to the absolute minimum cost 
evaluated or any parameter corresponding to a predetermined low cost value. The search for a minimal cost 
solution can be stopped, for example, when the calculated cost has dropped below a minimum value, or 
when the reduction in cost for gradually lengthening periods of heating before the tariff has ceased to 
change significantly between subsequently tested periods. 

25 Advantageously, the calculation of the internal temperature and cost is only carried out until such a time 
after the tariff change that the predicted internal temperature of the building is equal to the predicted 
internal temperature for the application of the preheating control parameter. After this time, the system has 
essentially stabilized and the building will henceforth be heated in the same way for the preheating strategy, 
that is, such that the temperature of the building follows the lower temperature setpoint. In this manner, 

30 unnecessary recalculation of predicted values is avoided. 

In a preferable embodiment, in which the central control device as part of the prediction of internal 
temperature also predicts a value representing the temperature of the structure of the building, the control 
device can operate such that the calculation of the internal temperature and cost is only carried out until 
such a time after the tariff change that both the predicted internal temperature and the predicted 

35 temperature of the structure of the building are equal to the values calculated for the application of the 
preheating control parameter. This calculation, based on the introduction of a structure temperature, is more 
reliable as any differences in the structure temperature can be reflected in variations in the internal 
temperature sometime afterwards. 

There will now be described, by way~ of example only, an embodiment of the present invention with 

40 reference to the accompanying drawings, in which : 

Fig. 1 shows the physical elements of a heating system according to the present invention; 

Fig. 2 represents the building model used to predict the internal temperature of the building in response 

to control strategies implemented by the heating system of the invention; 

Fig. 3 represents the upper and the lower temperature setpoints as used in the present invention for a 
45 variety of possibilities, reflecting the occupancy of the building and the comfort to the user; 

Fig 4. represents the basic control strategy, the preheating strategy and the cost optimising strategy 
implemented by the present invention; 

Fig. 5 shows the results of a test of a heating system operating according to the present invention. 
Referring to Fig. 1, the heating system according to an embodiment of the present invention comprises 

50 a central control device 1 which may be implemented by means of a PC or any other microcontroller 
architecture and which includes a microprocessor, real time clock, input/output devices etc. and which 
controls a heating device 2, such as an electric radiator. The central control device receives information 
representing the internal temperature of the building Ti, the external temperature Te, the changes in tariff of 
the energy source used by the heating device and the programmed values Tib and Tub, representing the 

55 lower and upper temperature setpoints and which define the minimum and maximum temperatures 
acceptable to a user over a period of time. The tariff information can be preprogrammed via a user interface 
or received via, for example, radio signals. Similarly, the value of the external temperature can be read from 
a temperature sensor or can be a predicted or programmed value. From this information, the central control 
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device outputs a command parameter Treg which is used to control the heating device. The central 
controller should be provided with sufficient information regarding the behaviour of the heating device in 
response to the parameter Treg in particular in terms of the power it will consume in response to such a 
parameter in order to enable a cost calculation to be carried out. 

5 Fig. 2 shows the model of the building used by the central control unit in predicting the internal 
temperature of the building, where Te represents the external temperature, he represents the conductivity of 
the building structure in terms of the conduction of heat from the building structure to the outside, Ts 
represents the temperature of the building structure, Cs the capacity of the building structure to store heat, 
hi the conductivity of the building to absorb heat from the heating device, he the conductivity of the building 

10 in relation to the loss of heat from the building externally, Ci the thermal capacity of the heating device, Ti 
the internal temperature, P the power supplied to the heating device and Paux the other sources of heat to 
the building such as heat produced in cooking, heat from the occupants or solar radiation. The model is of a 
conventional type and the parameters not directly measured, such as Ts, can be calculated by use of 
conventional models. The control device simulates the behaviour of the building according to the equations 

75 : 

c.£r.-VCi;-r,>+v<i:-r.) 

In predicting the internal temperature of the building the control device may use this model or a simplified 
25 model of the system, which does not use the structure temperature and which uses a single constant h 
representing the conductivity of the building : 

C^-T^hiT.-TJ + P + P^ (2) 
30 at 



The above equations represent the model of the evolution of internal temperature in continuous time. In a 
digital implementation the algorithms used are the discretized models : 



35 



45 



at O) 



C,-£ = h r (T i -T s ) + h t (T t -T s ) 



and 

C^ = h(T.-T i ) + P + P aia (4) 



The optimization is performed in an interval of time less than the sampling time. In general, the time 
between sampling intervals will be between 6 to 12 minutes. The time interval used to discretize the system 
for the prediction can be equal to the sampling time or can be extended, for example, to around 30 
so minutes. 

As discussed in general in the introduction, the central controller predicts the internal temperature of the 
building over a prediction period of time of 24 hours as it will evolve in response to the heating output Treg 
sent to the heating device and dependent on the factors described above. The external temperature may be 
predicted over a 24 hour period, based on previous historical data, or may be simply set to a fixed value. 
55 The central controller also receives a lower and upper temperature setpoint Tib and Tub which define the 
minimum and maximum temperatures acceptable to an occupant of the building over the prediction period. 
The area between these values is defined as the comfort region. 
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Referring to Fig. 3., various possible programmable values of the upper and lower setpoint over the 
prediction period are shown. Fig. 3a shows one of the simplest comfort regions, in which the upper and 
lower setpoints are constant and fixed at 23 *c and 21 *c over the prediction period. Fig. 3b shows a 
variation where the lower temperature setpoint is set at 17 °c for likely periods of inoccupancy and at night 

5 and 21 *c for periods when a level of comfort is required. Other variations reflecting alternative comfort 
requirements are shown in Figs 3c to 3e. 

In operation, the central controller controls the heating device such that, at all times, the predicted 
internal temperature will lie within the comfort region. The control also uses the tariff information to calculate 
the cost to the occupant in implementing various control parameters and then chooses the minimum cost 

to alternative. In carrying out this prediction, the control device proceeds in three stages, starting from a 
prediction of internal temperature resulting from a control parameter corresponding simply to the lower 
temperature setpoint Tib, then calculating a control parameter Tmod which ensures preheating and that the 
temperature never falls below the lower setpoint, and finally calculating an optimum control parameter Topt 
which provides minimum cost to the user based on the tariff changes. This optimum control parameter is 

75 then output as the control parameter Treg. 

Referring to Fig. 4, the first prediction at Fig. 4a calculates the internal temperature that will result from 
application of a control parameter corresponding to the lower temperature setpoint. As to be expected, the 
predicted internal temperature in fact falls below the lower temperature setpoint at the point of increase 40 
of the setpoint, due to thermal inertia of the building. The control devices then calculates a preheating 

20 control parameter Tmod which compensates for this change and ensures that the internal temperature rests 
within the comfort region as shown in Fig. 4b. This is implemented by applying a control parameter 
corresponding to the value of the lower temperature setpoint after the change in its value for a given period 
of time before the desired and programmed change to ensure sufficient preheating. The duration of the 
preheating is calculated iteratively by predicting the internal temperature resulting from heating at the higher 

25 value of the lower temperature setpoint for increasing greater periods of time before the desired change, 
until such time as the internal temperature rests within the comfort region at all times. 

Once the value of Tmod has been calculated, the control device optimises the control parameter based 
on the tariff information. In the present embodiment, overheating before a tariff change is ensured by setting 
the control parameter to correspond to the upper setpoint for a given period of time before the tariff change 

30 and to a lower limit setpoint for a period after the tariff change, until such time as the predicted temperature 
falls below the lower setpoint, at which time the control parameter will follow the lower setpoint again. Again, 
the period of time of maximum heating before the tariff change is gradually extended, and the relative cost 
of the heating effected in view of the tariff change are compared until a minimum cost solution is found. 
Referring to Fig. 4c, the minimum cost solution on this case was found to be that which resulted in the 

35 internal temperature rising to a point near to the maximum comfort value at the instant of tariff change. 
Thereafter, the temperature falls just until the point 42 at which time preheating is in fact started in 
anticipation of the next change in the lower temperature setpoint. Depending on the relative cost of the 
tariffs, the external temperature and the time until the next change of the lower setpoint, other control 
strategies may be prescribed by the optimisation algorithm. For example, the internal temperature may be 

40 brought to the maximum permitted value and held at this value for some time before the tariff change. 
Alternatively, the internal temperature may not reach the maximum value within the comfort region. 

In the case of a variable tariff, that is piece wise constant, the optimal control strategy is based on the 
solution found for the case where the tariff is constant, that is, the preheating parameter Tmod. The events 
that induce the subsequent modifications are the changes in the tariff and more precisely in the step 

45 increases in the tariff. Around each tariff increase, there is a period of preheating, just before the tariff 
increase, and a period during which the power is completely cut-off, just after the tariff increase. The cut-off 
period will continue until the predicted evolution of the internal temperature for the case of a variable tariff 
intersects practically with the evolution of the internal temperature for the case of a constant tariff. This can 
be translated in the terms of temperature setpoints, by introducing a new control parameter Topt that will 

so handle the tariff optimization. 

The setpoint Topt has a special structure. In order to enforce a preheating associated with the tariff 
increase, the setpoint will be equal to the minimal "no-freeze" setpoint temperature, except for a time 
interval (to be determined) just before the tariff increase, during which Topt is equal to the maximal 
admissible comfort temperature. 

55 This temperature setpoint will be responsible for the periods of heating preceding the tariff increases. 
Thereafter the temperature is forced to follow the evolution predicted with the old control parameter Tmod. 

In operation, the central controller calculates the values Tmod and Topt simultaneously over the 
prediction horizon and, as an output to heating devices, sends a control value Treg corresponding to 
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whichever is the maximum value of the two values at the instant of time corresponding to the present. 

The tariff pattern, defined as the sequence of values that the tariff takes over a 24 hour period, is 
processed in order to select the tariff increases and to construct the initial Topt parameter that contains a 
predetermined period of time before a tariff increase during which the maximal "overheating" setpoint 

5 enforced. Each tariff increase represent an event that is susceptible to modify the control strategy, and 
these events will be treated sequentially, one after the other. 

Each prediction of the internal temperature that is considered as a candidate heating strategy to 
decrease the cost is compared with the internal temperature associated with the reference strategy that is 
predicted using an ideal regulation around the Tmod setpoint. This reference prediction will be in fact the 

10 same for each improvement in cost sought during several iterations but it is more advantageous to compute 
it every time than to store it in the memory as, in this application, computational time is less critical than 
memory. And as will be seen, the prediction horizon will be as short as necessary so that it is not 
necessary to predict the temperature evolution over the initial horizon of 24 hours each time, but rather an 
horizon whose length is cut-off when possible. 

75 The internal temperature is then predicted with the new candidate strategy, that is given by an ideal 
regulation around the maximal value between the old internal temperature prediction resulting from a 
regulation around Tmod and Topt. This is the prediction that includes the excess heating associated with 
the tariff increases. At the beginning the two predictions will coincide, until Topt handles for the first time an 
optimisation event, and the Tint prediction associated will become different from the old temperature 

20 prediction, derived from a regulation around Tmod. We continue the prediction, until the two temperature 
predictions are essentially equal (as the process is stable and sufficiently damped, this will happen very 
quickly). At a discrepancy of 0.1-0.5 *C, the two predictions will be considered to be close enough to 
interrupt the prediction. The terminating condition is in fact that the all the building temperatures defining 
the thermal state of the building, i.e. the indoor temperature, but also the structure temperature, are less 

25 that this minimal wedge of 0.1-0.5 • C. 

The next stage of the algorithm is to compare the evaluated costs for each control strategy : the older 
one when the tariff variations were ignored, and the new one when we have preheated before the tariff 
increase. The difference between the two costs will be the economy associated with the overheating 
associated with the tariff increase event. This cost difference will be stored in the memory, and compared 

30 with the cost difference that will result from the next modification of the control strategy. 

We see that considering the two temperature predictions is advantageous because it allows to interrupt 
the prediction as soon as there is no more any difference in the thermal states of the two models and 
therefore no more contribution to the differences between the costs. A criterion for adapting the length of 
the predictive criterion and of deciding the interruption of the prediction is important because continuing the 

35 prediction over a fixed horizon (for instance over a fixed horizon of 24 hours) is time consuming and in any 
case may not be more accurate. 

If the next modification in the control strategy produces a cost difference that is more advantageous 
than the present one then the next modified control strategy will be preferred and the search will continue. If 
the next modification in the control strategy will produce a cost difference that is less advantageous than the 

40 present one then the search will be terminated and control implemented using the present strategy. 

Setpoint optimization takes Tib as the control parameter and produces Tmod, and tariff optimization 
takes Tmod and produces Topt. Topt is sent to the local remote device as Treg. If for some reason the 
calculus is stopped at an intermediary state, the intermediate result (Topt or Tmod) is sent. The closed loop 
control is achieved by calling the control algorithm that is computing the optimal cost heating strategy at 

45 every time sample. Tmod and Topt are remembered from one sampling time to another. 

Fig. 5 shows the results of the application of heating system according to the present invention in 
practice. As can be seen, some time before each change from low to high tariff at 51, 52, 53 the power is 
increased resulting in a peak internal temperature 54, 55, 56. Thereafter the power is cut and the 
temperature slowly decreases. 

50 

Claims 

1. An energy control system for controlling the internal temperature of a building and comprising a central 
control device and one or more thermal units for heating or cooling the building powered by an energy 
55 supply, the central control device controlling the thermal units in response to a prediction of the internal 
temperatures within the building over a period of time, characterised in that the central control device 
receives information regarding tariff changes in the energy supply and controls the thermal units to 
maintain the internal temperature between lower and upper temperature setpoints and according to a 
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control strategy that results in a minimised cost during this period. 

2. An energy control system as claimed in claim 1 in which either or both the lower and upper 
temperature setpoints are programmable values which may vary over the period of time of prediction 

5 performed by the central device. 

3. An energy control system as claimed in claim 1 or 2 in which the control device transmits a control 
parameter to a thermal unit which represents the desired temperature of the unit. 

w 4. An energy control system as claimed in claim 3 in which the central control device firstly operates to 
calculate the internal temperature resulting from a control parameter sent to the thermal units 
representing the low temperature setpoint. 

5. An energy control system as claimed in claim 4 in which the control device recalculates the internal 
75 temperature using modified values of the first control parameter until such a time as there is no longer 

any violation of the comfort region defined by the lower and upper setpoints so as to define a 
preheating control parameter. 

6. An energy control system as claimed in claim 5 in which the control device predicts the effect on the 
20 internal temperature resulting from sending a control value corresponding to a higher value of the lower 

temperature setpoint a given period of time before a desired change in the internal temperature in order 
to arrive at a preheating control parameter. 

7. An energy control system as claimed in claims 5 or 6 in which the control device recalculates the 
25 predicted internal temperature and also the cost to the user for alternative control parameter values 

starting from the calculated preheating control parameter and using information relating to the time and 
cost of the tariff changes until a control parameter resulting in a minimum or low cost operation of the 
thermal units is arrived at. 

30 8. An energy control system as claimed in claim 7 in which the control device, starting from the 
preheating energy control parameter, adjusts this value such that, for a given period of time before a 
change of tariff from a low to high value, the control value corresponds to the upper temperature 
setpoint. 

35 9. An energy control system as claimed in claim 7 or 8 in which the calculation of the internal temperature 
and cost is only carried out until such a time after the tariff change that the predicted internal 
temperature of the building is equal to the predicted internal temperature for the application of the 
preheating control parameter. 

40 10. An energy control system as claimed in claim 7 or 8 in which the control device, as part of the 
prediction of the internal temperature, also predicts the temperature of the structure of the building and 
in which calculation of the internal temperature and cost is only carried out until such a time after the 
tariff change that both the predicted internal temperature and the predicted temperature of the structure 
of the building are equal to the values resulting from the application of the preheating control 

45 parameter. 

11. A method of controlling the internal temperature of a building using a central control device and one or 
more thermal units powered by an energy supply, in which the central control device controls the 
thermal units in response to a prediction of the internal temperature within the building over a period of 
50 time, characterised in that the central control device receives information regarding tariff changes in the 
energy supply and controls the thermal units to maintain the internal temperature between lower and 
upper temperature setpoints and according to a control strategy that results in a minimised cost during 
this period. 
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